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Abstract
The purpose of this study is to explore the role of color in human-Webpad interaction based on a
model of human factors. Color is a prominent and prevailing visual stimulus encountered by
humans daily. It affects how humans process information perceptually and cognitively. Four
important design issues pertaining to the model of human factors, i.e., issues concerning humans,
Webpad technology, user interface, and environment, are discussed in this paper. The authors hope
that this discussion can be utilized to improve the applications of color in Webpad user interface
design and, at the same time, point us towards the right direction for future color research on
various types of interaction applications. In this paper, the authors also emphasize the concept of
human factors to be used to facilitate the internationalization and localization of a Webpad user
interface design. A table illustrating how human factors considerations can facilitate Webpad
internationalization and localization in terms of physical, perceptual (physiological), and cognitive
(psychological) aspects is provided.

Durling D. & Shackleton J. (Eds.) Common Ground : Design Research Society International Conference 2002, UK. ISBN 1-904133-11-8

1

Human factors considerations in Human-Webpad interaction
– a discussion on color application
Introduction
Color has been used as a visual tool in organizing (e.g., grouping icons with relevant functions) and
signifying (e.g., presenting a warning message) information on a computer display in order to draw
the user’s attention. Research has demonstrated that the appropriate use of color in computer
display may enhance users’ overall task performances (Sidorsky, 1982), improve user performance
on visual search tasks (Kinney & Huey, 1990), assist the organization of screen information (Galitz,
1989), and help yield positive feedback from users (Tullis, 1981). However, if color is used
improperly, under certain circumstances, it may decrease users’ task productivity and impair their
performances as well (van Nes, Juola, & Moonen, 1987). For example, Miller (1956) proposes that
using various sensory modalities, humans can recognize approximately 7±2 items (or chunks) of
information at one time. Jones (1962) also contends that a human can recognize about 9 distinct
colors on an absolute basis. Based on their theories, an interaction designer can apply up to 9
different colors on the same screen. Other relevant research studies reveal that the maximum
number of colors used on a screen is from 4 to 10 with an emphasis on the lower numbers (Luria,
Neri, & Jacobson, 1986). In addition, Luria, et al. (1986) and van Nes, et al. (1987) also
demonstrate that as the number of colors on a computer screen increases, not only the users’
response time to a single color will increase, but the probability of their color confusion may
increase as well. Since the application of color to a Webpad display is such a vital task, it is
necessary for an interaction designer to apply color efficiently to facilitate the human-Webpad
interaction by satisfying users’ color preferences while improving their computer performance.
An effective Webpad user interface should be self-explanatory, and easy to learn and operate by all
of its potential users. Figure 1 shows a sample Webpad design. It should also make it possible for
users with various levels of computer expertise to achieve their intended task easily. This paper is
intended to introduce interaction design concepts pertinent to the application of human factors to
facilitate the design of human-Webpad interaction regarding color application.

Figure 1: A Webpad design (courtesy of Tatung Company)
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Model of human factors
The term, human factors, indicates that the research issue is centered on human beings. Human
factors is the discipline which emphasizes designing useful man-made objects or equipment so that
users can operate them effectively and safely (Huchingson, 1981). In the context of a Webpad
design, the model of human factors can include two subsystems, the human subsystem and the
Webpad (technology) subsystem, interfacing within the physical, social, cultural, legal, and virtual
environments (see Figure 2). The primary information-processing stages are embedded within two
subsystems: human subsystems and Webpad subsystems.
In human subsystem, the way that a human processes information is based primarily on the
following stages: a) When information comes from the external environment (e.g., physical, social,
cultural, legal, virtual), a human encodes this information by means of his/her sensors (e.g., eyes,
ears, nose, skin, etc.). This stage is called sensation. b) Once a human has encoded the
information, s/he starts to organize the information with his/her internal processes. This stage is
called perception. c) When a human has organized the information, s/he understands the meaning
of the information; in other words, s/he transforms the information into knowledge. This
knowledge is a form of intelligence that can help the human conduct problem-solving, decisionmaking, or reasoning tasks. This stage is labeled as information processing or cognition. d) After
the information has been processed, the movement control system will instruct the body responders
(e.g., hands, legs, eyes, and mouth) to carry out possible actions.

Figure 2: Model of human factors pertinent to Webpad design
(Derived from Branham & McCleary, 1990)
In the Webpad (technology) subsystem, it processes information in the following stages: a) When
the Webpad’s input device receives the stimulus from the human responders, it will send electronic
signals to its internal processor. b) Once the Webpad’s internal processor receives the electronic
signals from the input device, it begins to function by actually using instructions embedded in the
system to process the information and send the results to the display device. c) After the display
device receives the result signals from the internal processor, it will start to present the output on
the touch screen. The displayed information can then be perceived by the human sensors.
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DESIGN ISSUES CONCERNING HUMANS
Humans are intelligent information-processing agents. However, humans still have perceptual and
cognitive limitations when processing information. Therefore, when assigning colors to a Webpad
screen, the interaction designer needs to take the user’s perceptual capability and cognitive capacity
into account. Otherwise, the users may be overloaded with superabundant information that they
cannot process efficiently. For example, Miller (1956) proposes that using various sensory
modalities, humans can recognize approximately 7 plus or minus 2 items (or chunks) of information
at one time. Since the application of color in Webpad screen design is such a vital and unavoidable
task, it is necessary for an interaction designer to apply color efficiently to facilitate the humanWebpad interaction by satisfying users’ color preferences while improving their computer
performance.

Perceptual and cognitive processing of color
Color is the result of visual interaction of light that is further processed by the optic nervous system.
Two types of human visual processing of color are identified in this study: perceptual processing
and cognitive processing. Though both types of visual processing of color are unconscious
processes, a human must perform perceptual processing of color before conducting cognitive
processing of color. Perceptual processing of color is related to the physiological functions of the
human eye. Though the human eye is a fascinating optical instrument, like all optical instruments,
it has certain physiological functions and limitations. For example, the Bezold-Brucke effect,
luminance contrast effect, simultaneous color contrast effect, color assimilation effect, movement
and depth illusion effects, after-image effect, human color vision deficiency, and blue
discrimination deficiency are all caused by the physiological functions and limitations of the human
eye. These visual phenomena occur across all human cultures. The human cognitive processing of
color is pertinent to the connotations of color preferences that may vary from one culture to another
(Hall, 1959). Different cultures may assign diverse meanings to different colors according to their
traditions. That is, various color preferences exist among different individuals, corporate
companies, societies, nations, and cultures because of their unique identities.

The human eye is not physiologically equipped to detect blue
The human eye is a fascinating optical instrument. However, like all other optical instruments, the
eye has certain physiological functions and limitations of which an interaction designer needs to be
aware. For instance, the human eye is not physiologically equipped to detect blue. This is because
blue has a low contrast as well as inherent problems in visual focusing among older people. Brown
(1988) argues that blue is suitable for background, graphics, and less important items, but not for
primary data presentation. Important information should not be displayed in blue. However, for
shading some graphic areas and for de-emphasizing some screen information, blue’s low brightness
may be beneficial. Based on Murch (1984), the reason why the human eye is not able to detect blue
well is because:
• The lens itself does not transmit all wavelengths equally. It absorbs almost twice as much in the
blue region of the color spectrum as in the yellow and red sections.
• The yellowing of the lens, which causes it to filter out short wavelengths, also increases with age.
thus, older people cannot perceive blue very well.
• A pigmentation in the central part of the retina transmits yellow while absorbing blue. The net
result is a relative insensitivity to shorter wavelengths. This is because there exist fewer blueregion photoreceptors than those responsible for detecting red and green regions of the visual
spectrum. More specifically, in the central retina area, 64 percent of the cones contain red
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pigment, 32 percent carry green pigment, and only 2 percent possess blue pigment. Because of
this, a blue area on a screen needs to be either larger or brighter in order to be as visible as other
colors.
• There exists a bias against blue photopigments in the perception of brightness. Thus, colors
differing only in terms of the amount of blue will not produce sharp edges. When saturated blue is
used for fine detail or at the edges, the image will appear blurred. In addition, there is a difference
in perceived color between a large blue area and a smaller one even though the color is physically
the same. Because a small blue area does not activate many blue photoreceptors, it will appear to
be more desaturated or washed out than the large blue area. Thus, when applying blue to a
Webpad screen design, the interaction designer needs to avoid employing blue for small text or
intricate graphics.

DESIGN ISSUES CONCERNING WEBPAD TECHNOLOGY
Color images on a Webpad screen are mainly generated in two ways. One is by the light emission
from the Webpad itself; the other is by hardcopy devices (e.g., scanners, camcorders, or digital
cameras) that can capture images from outside media and transport the images to the screen. It is
important for an interaction designer to know that color should always be used with other,
redundant, visual cues. That is, on a Webpad’s screen, texts, patterns, sizes, shapes, graphics, or
other visual cues should always be used together with color to enhance the interface visibility. As
the screen technique becomes more advanced with higher resolution, it has become possible to
create more realistic images of both natural and artificial scenes. However, there are still some
limitations of Webpad screen technology of which an interaction designer needs to be aware before
employing color to facilitate human-Webpad interaction:
• Certain colors in the natural environment cannot be reproduced by Webpad screen, such as the
color of gold and silver. This is because the limits of the physical properties of the light emitted
by the LCD technology.
• A Webpad’s screen cannot produce a true black. If we look at a Webpad’s screen when the power
is off, it will appear to be a dark gray color under normal indoor lighting. The dark gray color is
produced by the reflection of ambient light outside the screen rather than by the LCD itself. It is
the darkest color that can be reproduced on the screen. When a Webpad is turned on, its screen
may produce blacker colors than that of the switched-off screen because of the user’s expectations
and color contrast effects.
• The maximum brightness on a Webpad screen is limited. In fact, the luminance produced on a
Webpad screen is relatively low when compared to that produced by natural light. Therefore, the
range of possible colors that can be reproduced on a Webpad screen is significantly limited when
compared to those in the natural environment.
• Screen resolution and image sharpness on a Webpad is limited. The resolution of a Webpad
screen is pertinent to the number of addressable pixels on a screen. The higher the resolution of a
Webpad screen is, the sharper the image that can be illustrated on the screen.

DESIGN ISSUES CONCERNING USER INTERFACE
The term “interface” can be defined as a concrete or an abstract medium which facilitates the
communication between a user and an artifact, such as a Webpad. A concrete interface promotes
tangible interaction by focusing on the design of physical interfaces (e.g., a power button, a scroll
button, or any other type of input and output device) with ergonomic considerations. An abstract
interface assists intangible interaction by incorporating users’ psychological considerations (e.g.,
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users’ mental models) in the design process to emphasize the design of user-friendly interfaces.
Color which is an abstract property of a user interface can be used to facilitate the intangible
interaction perceptually and cognitively between a human and a Webpad.

Mental models and interface metaphor
Users’ mental models are culturally dependent models. That is, users from different cultures may
possess different mental models towards the same Webpad user interface. Although changes in
users’ mental models often occur through unconscious processes, there is no doubt that users are
upgrading their internal representations persistently through different Webpad interaction strategies.
To an interaction designer, the purpose of conducting research on users’ mental models is to
investigate how a user communicates with a Webpad based on his/her existing mental models, and
the research findings, in turn, will be analyzed and utilized to help design a better Webpad user
interface.
In addition, a metaphor means the application of existing well-known concepts as an analogy to a
new design concept. An interface metaphor can be viewed as a representational model used to help
define an interaction task. Research has demonstrated that the selection of appropriate metaphors is
crucial to help users develop adequate mental models (Carroll & Thomas, 1982). That is, by using
these mental models, users can interact with the interface efficiently and effectively. Generally
speaking, an interface metaphor can be viewed as a medium that facilitates users in establishing an
initial mental model pertaining to a particular computer system. The proposed Webpad system is
implemented by CE.NET platform that incorporates similar strategies regarding office organization
and work procedures as metaphors in the graphical desktop operating system design to make the
human-Webpad interaction easier as well. Johnson (1992) also suggests that the design of a user
interface has to be considered from a number of different perspectives, each of which affects the
quality of the overall interface design. These perspectives are listed as follows:
• The functional perspective which is concerned with whether or not the interface design is
serviceable for its intended purpose.
• The aesthetic perspective which is concerned with whether or not the interface design is pleasing
in its appearance and conforms to any accepted notions of artistic design.
• The structural perspective which is concerned with whether or not the interface design has been
built in a manner that will make it reliable and efficient to use and can be maintained and
extended easily.
Based on the three perspectives above, it is important for an interaction designer to realize that
designing an effective interface requires the incorporation of the user’s mental models in the design
process. By so doing, this interface will be easy to use because it can “match” the user’s mental
models, and “guide” the user through various types of interactions.

Using mental models to facilitate Webpad interaction design
The design of a user-friendly interface is by far one of the most challenging design tasks that an
interaction designer can encounter. Theoretically, this user-friendly interface should satisfy the
majority of users’ needs and preferences even though they possess different mental models.
Nonetheless, there exist neither concrete nor implementable formal methods to guarantee the
creation of a universal interface for this ultimate interaction. It may even be impossible to generate
a set of detailed guidelines to cover every relevant design issue in creating a universal interface.
However, based on the existing design knowledge, an interaction designer may be able to apply
important interaction principles to facilitate the design of a useful Webpad interface. If the Webpad
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interface is equipped with some degree of adaptability and flexibility, the user will be able to
dedicate more effort to carrying out the interaction task without spending too much time learning to
use the Webpad.

DESIGN ISSUES CONCERNING ENVIRONMENT
An environment is what surrounds us, containing both tangible objects and intangible concepts with
which we can perceive and interact. Human color sensitivity can be changed under different
lighting environments because the same color will look different under strong, normal or dim light
environments. That is, the same color shown under different environmental settings may be
perceived differently because artificial lights may cause human eyes to adapt to perceived colors,
distort color appearance, or reduce color discrimination. Therefore, the environment in which an
interface is used may have a great impact on a user’s task performance. Most human-Webpad
interaction takes place in a man-made environment. Though an interaction designer may have no
control over the user’s working environment, s/he should understand thoroughly the possible
environmental factors pertinent to the application of color to facilitate the human-Webpad
interaction, and try to design a useful and effective interface to accommodate as many
environmental factors as possible.

Physical environment
The physical environment is a concrete space surrounding us. Research reveals that color has been
proven to be very useful to facilitate wayfinding in an unfamiliar physical environment (De Jonge,
1962), because color can enhance a person’s spatial perception which helps him/her understand
more of this environment. The physical environment can be discussed on two different levels:
micro-environment and macro-environment. The micro-environment in the context of humanWebpad interaction is closely related to a user’s ergonomic requirements regarding his/her viewing
distance and field of view. In this micro-environment (e.g., a work space), one of the most
significant influences on the human perception of color is the lighting provided inside that space.
For example, the user’s normal viewing distance from the Webpad screen to the eyes is
recommended to be between 60 to 90 cm. If the proper viewing distance is maintained, the user
will not need to change his/her eye focus so frequently to prevent eye fatigue. The major concern in
the macro-environment in regards to human color perception is also the lighting design in that
environment because color and light can either enhance or degrade a user’s Webpad performance.
When interacting with a Webpad, it is necessary to provide the user with enough light to illuminate
peripheral printed or written materials without directly illuminating the screen itself and reducing
screen contrast. If both of the ambient lighting and screen contrast are very low, the eye’s speed
and precision of accommodation and convergence will be reduced and the legibility of text on the
screen will be poor.

Social environment
The social environment provides a social space in which a human interacts with a Webpad under
various social influences (e.g., attitudes, preferences, motivations, habits, expectations, and
computer expertise). With the progress of advanced computer technology, humans are able to
communicate with each other more easily and effectively by means of Webpads. Because of this,
the computerization of modern communication technology will also promote human socialization.
Research has also demonstrated that in classrooms where students have access to computers, more
social communication and cooperative problem-solving activities occur than in other types of
classrooms (Office of Technology Assessment, 1988). Moreover, due to the rapid development of
Internet technology, people from every corner of the world can meet and talk to each other on the
Internet by using Webpads. Since Webpads play such an important role in facilitating the social
interaction among users, it is necessary for an interaction designer to take social factors into account
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when applying color to facilitate human-Webpad interaction. This is because color has social
meanings as well.

Virtual environment
A virtual environment is an interactive computer-generated environment (Stuart, 1996). The virtual
environment provides a cyberspace within which various types of interactions may occur, such as
distant training or education, on-/off-line prototyping, digital communication, and entertainment. In
fact, a virtual environment provides “artificial reality” to facilitate users’ interaction tasks. This is
because modern state-of-the-art computer technology has enabled users to perform three
dimensional interactions (e.g., 3-D simulation and animation) together with sound and lighting
effects which make the virtual environment more like a physical environment. Similar to the
effects in a physical environment, color can also facilitate a user (i.e., a virtual actor) in navigating
through a virtual environment (e.g., the Internet or a corporate Intranet) by means of a Webpad.

Cultural environment
Culture has been defined as “shared patterns of behavior” (Mead, 1953). A cultural environment
can provide an emotional space in which a set of beliefs, values, and behaviors can be commonly
shared by members of a society or population (Ember & Ember, 1977). Cultural patterns must be
generally agreed upon by the majority of the members of the culture, not just by an individual
alone. Therefore, within one culture, the majority of the members will share the same color
meanings and associations.

Cross-cultural studies on color
Color preferences vary from one culture to another (Hall, 1959) because different cultures assign
diverse meanings and associations to different colors according to their cultural traditions and
aesthetic values. For example, Stockton (1984) points out that, among various nations in Africa,
the most preferred colors are green, red, and yellow. This is because green represents fertile lands,
red implies blood lost in revolution, and yellow is associated with the sun and other natural
resources. Allen (1986) also maintains that, in Latin America, the preferred colors for the festive
design are rainbow colors. In addition, even climate plays a crucial role in the color of clothing for
people in various regions. For instance, light-colored clothing is preferred in hot climates, and
dark-colored clothing in cold climates (Sharpe, 1974).
In recent years, the progress of global communication has effectively encouraged researchers to
focus more on cross-cultural studies, especially the interpretation of colors among different
cultures. Moreover, the growing competition among international markets is another reason why
interaction designers must consider cultural distinctions in their interface design process. It is
important for an interaction designer to realize that the purpose of conducting cross-cultural studies
on color is not only to explore the nature and meaning of color, but also to employ color for
practical applications to benefit every culture around the world. In fact, designing a useful and
effective Webpad user interface can be viewed as a cultural activity, and color is one of the cultural
factors to facilitate the user’s visual interaction with that interface.

Designing international user interfaces
To an interaction designer, the purpose of conducting international user interface design is to create
useful and effective interfaces that can be utilized by all the potential users with various cultural
backgrounds around the world. In fact, international user interface design should be considered as a
cross-cultural collaborative work between interaction designers and users from different cultures
(Ito & Nakakoji, 1996). Designing international user interfaces requires taking the concept of both
internationalization and localization of user interfaces into account. Internationalization is the
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process of designing a base interface that can be further integrated with various cultural factors to
meet different cultural needs (Fernandes, 1995). Localization is the process of adapting an
internationalized user interface based on the features of a particular culture. In fact, the process of
interface internationalization will facilitate the process of interface localization as well. The
process of interface internationalization can provide a dynamic framework (or structure) in which
interface localization can be implemented by adding cultural factors into the design.
Because the internationalization of user interfaces requires intensive cultural considerations, an
interaction designer needs to identify and separate basic principles regarding interface design into
culturally independent and culturally dependent variables. The culturally independent variables are
the variables used to help interface internationalization, and the culturally dependent variables are
used to facilitate interface localization. For example, color which is an important visual interaction
language can be used to facilitate both internationalization and localization of user interfaces. That
is, color used for interface internationalization should be considered as a culturally independent
variable. Research from the human eye’s physiological functions and limitations of color
processing can be incorporated into the process of interface internationalization. This is because all
humans, regardless of their cultural backgrounds, possess similar physiological functions and
limitations in color processing. On the other hand, color used for interface localization should be
considered as a culturally dependent variable. Research pertinent to color preferences among
various cultures can be used in the process of interface localization. This is because different
cultures assign widely different meanings and associations to various colors based on their cultural
preferences. Table 1 illustrates how human factors considerations can facilitate the Webpad’s
internationalization and localization in terms of physical, perceptual (physiological) and cognitive
(psychological) aspects.
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Table 1: Human factors considerations for Webpad internationalization and localization

Conclusion
The study explores the role of color in human-Webpad interaction based on a model of human
factors. Various important Webpad interaction design issues were discussed in detailed. The
authors hope that the discussions can be used to improve the design of human-Webpad interaction
pertinent to color applications. At the end of this paper, the authors also emphasize the concept of
human factors to be used to facilitate the internationalization and localization of a Webpad user
interface design. This is because the internationalization of Webpad user interfaces requires
intensive cultural considerations. It is also hoped that by means of carefully designed Webpad user
interface, users can communicate with each other in a more efficient and effective way.
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